• CONCLUSION: HAp-coated surfaces for use in titanium KPro implant greatly enhanced adherence of the titanium KPro implant in the rabbit cornea.
] are the only viable option for restoring sight. We selected titanium as a KPro implant, due to its long history of successful use in bone or dental prostheses [1] [2] [3] , and the fact that it is biologically very well tolerated, as it induces relatively little inflammation and foreign body reaction [4] [5] . Furthermore, by modifying their topography, titanium surfaces can induce proliferation or differentiation of osteocytes, promoting better apposition and adhesion between the material and bone [3, 6] .
Hydroxyapatite (HAp) is a main component of bone and teeth and has been widely used for surface modification of bone implants [7] , because it can bind electrostatically with charged biological molecules [8] [9] . However, the poor mechanical properties of HAp ceramics make them challenging to work with. In this study, the titanium implant with sandblasting and HAp coating by acid-base two-step (HAp/SB-Ti) was implanted into rabbit cornea, we assessed the effectiveness of titanium-based materials in improving adherence to corneal tissue ex vivo and in vivo. The titanium implant was dissected into only 0.13 mm thick and was the sector-shaped ( Figure 1A ). The diameter of the titanium implant was 4.25 mm; the curvature radius of the front surface was 8.0 mm. The titanium implant was abraded in sand blast (250 grits, 180°, 5s, 5 cm, 5 Pa) to rough the surface. The sandblasted titanium implants (SB-Ti), which were coated in HAp by the acid-base two step methods, can be processed into the improved titanium implants (HAp/SB-Ti). The lens column of the artificial cornea was designed according to the principle of geometric optics, and OSLO, an optical design software developed by Lambda Research Corporation, USA was used for design calculation. The material was hand-ground by polymethyl methacrylate (PMMA).
MateRIals and Methods equipment and Reagent
The diameter of the artificial corneal column was 3.2 mm, the thickness was 3.8 mm, the curvature radius of the front surface was 8.874 mm, the back surface was planar, the focal length was 23.99 mm, the refraction was 55.40d, and the modified titanium implant with silicone rubber cap (diameter was 3.2 mm) was rotated into the column ( Figure 1B) . In Vivo experiments All procedures used in this study were compliant with the locally approved protocols of the Administration Office Committee of Laboratory Animal and Ear Infirmary and performed in accordance with the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research. Twelve New Zealand white rabbits (mean 2.0-2.5 kg) were purchased from animal center of PLA General Hospital (Beijing, China). Anesthesia was induced by intramuscular injections of ketamine 35 mg/kg and xylazine 5 mg/kg. Surgeries were performed on the right eye of each rabbit. Once the rabbits were anesthetized, the lamellar cornea pocket was made to approximately two-thirds the thickness of the cornea with a knife to accommodate the rabbit cornea, whose diameters were 7.0-7.5 mm and whose thicknesses were 0.1 mm. The HAp/SB-Ti implant was inserted with forceps into the corneal lamellar pocket. The flap was closed by two stitch of interrupted suturing with a 10-0 nylon suture. There were two groups, HAp/SB-Ti and SB-Ti, and six rabbits in each group. We used to exam the rabbit cornea with slit-lamp examination to assess inflammatory reaction and neovascularization. histology, transmission electron Microscopy and scanning electron Microscopy After 1mo, the rabbits were euthanatized, and the corneal specimens were processed for histology [hematoxylin-eosin (HE) staining] and analyzed by light microscopy. After 1mo, the rabbits were euthanatized, and the corneal specimens were processed for TEM, take about 1 mm×1 mm in size, and immediately put into 2.5% glutaraldehyde for internal fixation. Different concentrations of ethanol and acetone were dehydrated step by step, and Epon812 epoxy resin was infiltrated and embedded, a semi-thin section with a thickness of 2 μm was prepared, the films were stained with 5% uranium acetate and citric acid, and were stained with lead, the film was observed under TEM. After 1, 2wk, 1 and 3mo, the rabbits were euthanatized, and the KPro implant pulled away manually from the cornea. The devices then were immersed in half-strength Karnovsky's fixative (2% paraformaldehyde; 2.5% glutaraldehyde) in 0.1 mol/L phosphate buffer pH 7.4 overnight, dried in a critical point dryer, and coated with gold/palladium for SEM imaging. Results Clinical observation The secretions were increased within 3d after the operation, without red eyes, photophobia and tears. Observation of slit lamp: there was no inflammatory response in anterior chamber with slight corneal edema after operation. The corneal edema disappeared three days after operation, and the implant was stable (Figure 2A ). No corneal ulcer, cataract, retinal detachment and other complications. However, there was corneal neovascularization in the cornea implanted SB-Ti implant ( Figure 2B ). histology Histologic sections 1mo after implantation, there were fibroblasts, inflammatory cells and a number of new blood vessels at the interface between the scaffold and cornea ( Figure 3 ). transmission electron Microscopy Most of the stromal cells around the normal animal model were intact and the organelle structure was normal. The diameter of the collagen fibers around the implant is different, the implant and corneal junction were surrounded by irregular round cells with abundant cytoplasm, which were corneal fibroblasts. The collagen fibers around the implant of HA/SB-Ti implant were arranged perpendicular to or at a certain angle ( Figure 4A ), while the arrangement of collagen fibers around the implant of SB-Ti implant was almost parallel to the implant ( Figure 4B ). scanning electron Microscopy SEM showed that the surface of the titanium implant was rough, uneven and some sharp edges after sandblasting ( Figure 5A ). After sanding and acidbase treatment, the titanium implant surface formed a complete micropore structure ( Figure 5B ). The HA coating consists of a large number of sheet crystals, compared with the implant removed 1mo after implantation, the surface adhesion of the implant removed 3mo after implantation was increased. There were lots of the corneal tissues on the HAp/SB-Ti implant, while the amount of adhesion of the corneal tissue on the surface of the HAp/SB-Ti was more than that of the SB-Ti ( Figure 6 ). Compared with the implant removed 1wk after implantation, the surface adhesion of the implant removed Email:ijopress@163.com 2wk after implantation was significantly increased, while the amount of adhesion of the corneal tissue on the surface of the HAp/SB-Ti was more than that of the SB-Ti (Figure 7) . dIsCussIon Penetrating keratoplasty has a poor prognosis in certain corneal eye diseases. The safety and efficacy of KPro surgery as a primary penetrating corneal surgery were evaluated for patients with corneal blindness and poor prognosis for penetrating keratoplasty [10] . The path KPro has not always been an easy one. Initially discarded for its devastating complications, the introduction of new materials and the discovery of antibiotics in the last century gave new life to the field [11] . Although microbial endophthalmitis after KPro has been drastically reduced in the last decade by use of daily lowdose prophylactic antibiotics [12] [13] , infectious complications still occur, especially in the developing world [14] [15] . It has long been suspected that the main contributing factor facilitating the increase in the risk of endophthalmitis could be inadequate integration between the KPro and the surrounding corneal tissue [16] . For all these reasons, any method that can enhance the adhesion of corneal tissue around the KPro on a long-term basis might reduce the incidence of infection. Alteration of the surface of the device to allow better biointegration could be of clinical benefit. Biointegration or a tight attachment between implanted medical devices and body tissues directly influences clinical outcomes, including tissue breakdown and infection, ultimately having an impact on safety and efficacy [1] [2] . It has been demonstrated that materials with a highly hydrophilic surface and high surface roughness induce better tissue attachment in vivo [6] . Titanium as the material of KPro was implanted into some severe corneal patients. However, there some implications like KPro movement or retroprosthetic membrane, retroprosthetic membrane formation is the most common complication after Boston type 1 KPro implantation, Three of 11 eyes with titanium KPro that had a visually significant retroprosthetic membrane required surgical membranectomy [17] . For all these reasons, any method that can enhance the adhesion of corneal tissue around the KPro on a long-term basis might reduce the incidence of infection. Alteration of the surface of the device to allow better biointegration could be of clinical benefit. Here we have modified the titanium surface with HAp. We found that HAp promoted superior keratocyte adhesion and proliferation. In our study, titanium samples modified with HAp improved the bioactivity. Titanium is more resistant to inflammatory degradation and has a higher corrosion resistance as compared with HAp. This would reduce resorption rates for KPro surgery [18] . Hydroxyapatite is a main component of bone and teeth and has been widely used for surface modification of bone implants, because it can bind electrostatically with charged biological molecules. However, the HAp layers were easily collapse and shedding. So we blasted with sand first to rough the surface and then coated with HAp by acid-base two step methods. The external shape is designed as a tri-loop scaffold, which is theoretically more conducive to its fixation in the cornea. The composition of HAp is similar with main organic principle of human skeletal; simultaneously the scale-shaped structure of HAp could increase the surface area of implants and the conjunction area of implant-cornea. Gross et al [19] suggested that porosity surface could obtain vertical connection of bone trabecula by the study of the binding between HAp layer and implants. The other way to improve the implants' bioactivity is to mimesis a nature physio-condition which was suitable for cell adhesion, proliferation and differentiation [20] [21] . In our study, the SEM that observed at the postoperative 1, 2wk, 1, 3mo suggested that most area of HAp/SB-Ti surface was covered with corneal extracellular matrix and cells. The implant-cornea interface was compact connection. SB-Ti sleeves greatly enhanced adherence of the KPro to the rabbit cornea [16] . In present study, both HAp/SB-Ti and SB-Ti could induce slight inflammation which was the common reaction of implant for the host. HAp coating significantly increased the force and work required to pull PMMA cylinders out of porcine corneas ex vivo. HAp coating of implants reduced the inflammatory response around the PMMA implants in vivo [22] . In our study, HE staining showed that the fibroblasts composed by the implant of the HAp/SB-Ti were significantly increased. The metabolic function of the cells was enhanced. The physicochemical property and surface texture of biomaterial could influence the process of inflammation directly, and the extension and duration could also impact the stability of biomaterial [23] . In our study, the interface inflammation was slight both in the HAp/SB-Ti and the SB-Ti. Under the TEM, fibroblasts in the surrounding and pores of implant of the HAp/SB-Ti are more abundant and proliferative than those in the control group.
In conclusion, titanium implant coated with HAp greatly improved cell viability, implant adhesion to tissue, and biocompatibility compared with unmodified titanium implant. Our study showed better tissue attachment when titanium implant coated with HAp, compared to a rough surface titanium implant. 
